Objective: The present study was conducted to assess the effect of sugar containing and sugar free chewing gums, after candy intake, on caries profile of young adults using Cariogram software.
INTRODUCTION
Dental caries is the most prevalent disease that affect 60-90% of schoolchildren and wide majority of adults (1) . Individuals are susceptible to dental caries throughout their lifetime. There are four main contributing factors for dental caries: diet, microflora, a susceptible tooth surface and time (2) .
Diet is a dominant factor of dental caries that can mask other factors (3) . Modern life style requires short break times and fast meals. The use of junk food and snaking between meals is commonly seen in the younger age group (1, 4) . Candy and similar products became dessert or snack food. Candy is basically sugar dissolved in water and concentrated through boiling. With more heat, more of the water evaporates and the result is generally the hard and brittle types of candies, while soft candies are made in lower temperatures. Most people like to eat candy now and then but doing so regularly as negative effects on oral health (5, 6) . This highlight the importance of caries preventive strategies that requires less time and efforts to improve public oral health conditions. Preventive strategies are considered as top priority in oral health programs. Based on available evidence, interventions that require people to spend minimum time and make minor effort dramatically have improved public oral health condition. On the contrary, interventions which need active and longtime participation of people were shown to be less successful in making a steady decline in caries incidence (7) .
Chewing gum is one of the short-term caries preventive strategies. Chewing gum is a unique food because it is chewed for a long time with a few calories. Gum are manufactured in many different shapes, sizes and flavors. It can be used as an adjunctive method of mechanical control of bacterial plaque in addition to tooth brushing. Moreover, it has many beneficial effects such as salivary stimulation, promote remineralization and pH regulation (8) . It has a practical recommendation for both children and adults. So, most of oral hygienist advised their patients for chewing gum immediately after meals especially for those with high caries index. In the last decade, sugar-free chewing gum has been claimed to provide oral health benefits, including caries reduction and plaque control (9) (10) (11) (12) (13) . It is produced by replacing sucrose by sugar alcohol such as glycitols, polyalcohol or polyols (14, 15) . Different caries risk assessment and evaluation models have been developed in recent years. The risk profile is an important factor in decision-making processes for caries prevention and management (16) . Cariogram is an interactive computerized program that illustrate the multifactorial aspects of dental caries graphically. It also illustrates to what extent various factors affect the chance to avoid new caries. In addition, this educational interactive program has been developed to act as a guide to assess an individual's caries profile and to encourage preventive measures to be introduced before new cavities could develop. (17) (18) (19) (20) (21) .
Lack of any supporting evidence for such claim led us to carry out the present study, which compares the efficacy of gum chewing in improving caries profile after candy intake. This study will benefit preventive dentistry as the main goal is to prevent rather than cure. The objectives of this study were to assess effect of short-term preventive measures on the caries risk profile in dentistry students after candy intake expressed by the likelihood of avoiding new caries using Cariogram. So, the null hypothesis tested is that sugared chewing gum and sugar-free chewing gum will have no effect on caries profile using Cariogram.
MATERIAL AND METHODS

Ethical Considerations
The study approval was given by ethics committee of Cairo University, Faculty of Oral and Dental Medicine, Egypt (registration number 18-9-73). Before carrying out the study, the purpose and methodology of the study were clarified to each participant and informed consent form was obtained.
Sample selection
A parallel randomized control trial was done on total of 30 dental students from Ahram Canadian University, Faculty of Oral and Dental Medicine, who volunteered to participate in this study. The inclusion criteria were that subjects should be medically healthy, had full permeant dentition, aged 20-25 years. The participants with the presence of active dental or periodontal diseases, prosthesis, TMJ disorders and wearing orthodontic appliances were excluded from the study.
Study design
Subjects were randomly allocated into two groups comprising of 15 subject each: group A: chewing sugared gum group, group B: chewing sugar free gum group. The chewing gums used for the study were Trident (sugar-free gum and Chiclets (sugar containing gum). They were purchased from general stores. All data regarding the tested materials were tabulated in (Table 1) .
Saliva sampling
According to the experimental protocol, the participants were informed not to eat at least 1 hour before starting the procedures. Samples were collected in the morning between 10-11am under standardized conditions. The stimulated salivary sample was collected while chewing on a piece of paraffin wax for 5 minutes in a test tube gradu-ated in millimeters and the salivary secretion rate was estimated as milliliters per minutes (ml/min). The buffer capacity was measured immediately using the digital pH meter (Pen type pH meter,pH-009(1), Pometer China). The accuracy of pH meter was checked at regular intervals to ensure that readings were accurate. Again, the stimulated salivary sample was collected after chewing candy for 2 minutes and the buffer capacity and the salivary secretion rate were evaluated. After that 15 subjects were asked to chew a sugar containing gum and the others chewed sugar free gum for 3 minutes with no swallowing and the sample was collected and the buffer capacity salivary secretion rate were measured again. Recording of the data was done by a welltrained recorder who recorded data on a pro form containing details of the selected test material of each study subject. To minimize bias in the data, an independent observer, blinded to the study's aim, recorded all the .readings
Creating risk profile of Cariogram:
A caries risk profile of each individual was obtained at each of three tested steps using Cariogram software. For each subject, six caries related variables were put into the Cariogram and the whole collected data were scored according to the prede termined scale as 0,1,2 or 3 . For all individuals, the "clinical judgment" factor was given a sore of one. The scores were entered into the Cariogram computer software program to calculate the 'caries risk' and so the 'chance of avoidance of new caries' for each subject Finally, the caries profile for each subject was obtained as a pie chart with five colored sectors, which revealed the chance of avoiding caries as a percentage (Figure 1 ).
Statistical analysis
The mean and standard deviation values were calculated for each group in each test. Data were explored for normality using Kolmogorov-Smirnov and Shapiro-Wilk tests and showed parametric (normal) distribution. One-way ANOVA followed by Tukey post hoc test was used to compare between groups. The significance level was set at P ≤ 0.05.
Statistical analysis was performed with IBM® SPSS® Statistics Version 20 for Windows.
RESULTS
For sugared gum group, there was a statistically significant difference between baseline, after candy and after sugar gum intake for salivary secretion, buffering and actual chance (p<0.001) (Table 2, Figure 2 ). The highest mean value for secretion was found in after candy followed after sugared gum while the least mean value was found in baseline. The highest mean value for buffer capacity was found in baseline followed by sugared gum while the least mean value was found after candy. The highest actual chance was after sugared gum, while no statistically significant difference was found between baseline and after candy where (p=0.447).
Regarding sugar free gum, there was a statistically significant difference between baseline, after candy and after treatment for salivary secretion, buffer capacity and actual chance where (p<0.001) ( Table  3 , Figure 3 ). The highest mean value for secretion was found in after candy followed by after sugar free gum while the least mean value was found in baseline. However, the highest mean value for buffering was found in baseline followed by after sugar free gum while the least mean value was found in after candy. In addition, the highest mean value for actual chance was found in after sugar free chewing gum and no statistically significant difference was found between baseline and after candy where (p=0.760).
Comparing all the tested materials, there was a statistically significant difference between two groups regarding salivary secretion only (p<0.001) Table 4 ). The highest mean for salivary secretion value was found in sugar free gum followed by sugared gum. Regarding buffering capacity and actual chance, there was no statistically significant difference found between all groups (p>0.05). The highest mean value was found in sugared gum while the least mean value was found in sugar free gum.
DISCUSSION
Modern lifestyle mandates short break times and quick meals with less frequency of oral hygiene practice. Physical status of food plays a very important role in its cariogenic potential. Sticky and solid sugars get stuck to the teeth surface compared to liquid sugars which pass through the oral cavity with limited contact time (22) . Hence, this study was undertaken with the aim of assessing the changes in salivary pH, flow and actual chance to avoid new caries after candy intake and to evaluate different oral hygiene practice that takes less time and efforts.
Chewing gum is a habit practiced regularly by a relatively high portion of individuals. The ability of chewing gum to aid in caries control comes from the chewing action itself which stimulates saliva flow, increases the buffering capacity and thus neutralizes the acidic pH (12, 23, 24) . For this reason, we evaluated a free sugar and sugar containing chewing gums to observe the difference between them on the salivary secretion rate, salivary pH and the actual chance to avoid caries.
The Cariogram has been used extensively in several studies and has demonstrated fairly high efficacy and good reliability as reported by many authors. It is an objective, quantitative method that uses a software computer program to calculate the data (17, 20, 21) . The main purpose of the using Cariogram in this study is to demonstrate the caries risk expressed as the chance to avoid new caries. In addition, it can be used effectively to improve the comprehension of the factors that are having or could have a negative effect through the pie chart presentation with different sectors. For salivary pH evaluation, a digital pH meter was used which is a quick and convenient method to measure PH levels of liquids. In addition, this PH meter is reliable, portable, sensitive and able to give a quick response of PH.
The results of the present study showed that the use of different chewing gums decreases the subject's caries risk after candy intake. A statistically significant change in the caries risk as evaluated by the Cariogram software was observed regarding chance of avoiding caries in comparison to candy intake. Candy intake, results revealed that there was a significant increase in salivary secretion and decrease in salivary pH after candy intake. This could be attributed to its extended contact time and adherence to tooth surface. Also, candy is considered as a slowly dissolving sugar that have extended exposure time in the oral cavity as result of gradual release of sugars during consumption (22) . Hans et al. (22) reported that carbohydrates consumed in liquid form usually do not stay in mouth very long while if teeth are constantly exposed to sugary drinks, the acids produced by bacteria remains for aa longer time in the oral cavity.
This study shows a statistically significant increase in salivary secretion with both chewing gum. Chewing gums have an anti-decay effect through various mechanisms. It enhances tooth cleansing by stimulating saliva secretions through chewing process and chemical stimulation of taste buds (23) . In addition, chewing gums cause temporary rise in salivary secretion which affect the buffering capacity thereby causing neutralization and rise in pH. (24) . The data showed that both chewing gums elevated saliva pH beyond the resting pH value. Lif Hologerson, et al. (25) and Akay, et al. (26) , examined the effects of various gums on dental plaque pH came to the conclusion that chewing gum increases dental plaque pH. However, sugared gum showed a significant increase in salivary secretion compared to sugar free gum. Cochrance et al. (27) reported that chewing gums have meaningful reminerlizing effect on enamel with sugar free gum containing casein phosphopeptide amorphous calcium phosphate. Chewing sugar-free gums arise the salivary PH because of inclusion of polyols like xylitol into gums that improve the oral health benefits. Moreover, chewing gums containing xylitol as sweeteners have anti-bacterial effect. (28, 29) The study conducted by Tangade et al (11) reported minimal difference between the sugar free and sugar containing gum. Ingle et al. (12) reported sugar free group had a lesser mean plaque score as compared to sugar containing group. The difference in results may be attributed to using of different snakes, different times of gum chewing and different ingredients.
This study suggests that, the use of short-term preventive measures such as gum chewing as an adjunct to mechanical measures can be considered as practical recommendation for caries prevention. However, further studies need to be carried out to evaluate the influence of chewing practice on the composition of saliva. Also, further studies are recommended to be done on larger samples with wider geographical representations.
CONCLUSION
Chewing gum can be used as short-term preventive strategies to neutralize salivary pH after candy intake thus reducing caries risk in young adult.
